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THE BLOODY BLUFF FAULT SYSTEM
Patrick J. Barosh
35 Potter St., Concord, MA

01742

Introduction
The Bloody Bluff fault system is part of one of the most important
structural zones in New England and has had a very long and varied
history of movement.
The
delineation of the fault system and
recognition of its importance has gradually developed over the past 20
years.
The mapping of it was primarily done as part of detailed
1:24,000 scale quadrangle studies.
The principle geologists involved
and references to a few summary reports are Shride (1976a and b) and
Dennen (1981) in the northeast portion, Cupples (1764) and Bell and
Alvord (1976) in the central portion and Barosh (1977 and 1981) in the
southwest.
The great significance of fault emerged in the early 1970's
as regional stratigraphic studies indicated the magnitude of the change
across the fault (Bell and Alvord, 1976, Barosh and others, 1977),
interpretation of aeromagnetic data
indicated
its prominance and
continuity (Alvord and others, 1976; Barosh and others, 1974) and it was
demonstrated
to correlate with
the Lake Char fault
in eastern
Connecticut (Barosh 1977).
New features continue to be found, such as
the recent discovery of Late Triassic-Early Jurassic fossils in a fault
sliver along it (Kaye 1983), that confirmed an earlier supposition
(Oldale, 1962), and many important problems remain to be solved.
General Description
The Bloody Bluff fault system, along with the Lake Char and Honey
Hill fault zones in Connecticut, form the structural boundary separating
the Nashoba Thrust Belt from the Southeast New England Platform (Fig. 1
and Fig. 1 in Introduction).
No pre-Pennsylvanian stratigraphic units
are known to correlate across this boundary and it probably represents
part of a zone of continental plate collision (see Introduction to
guidebook).
The fault system is a composite fault zone consisting of
several large faults and is herein collectively referred to as the
Bloody Bluff fault system.
The fault system is irregular in pattern
with numerous splays extending southwest from the zone into the
Southeast New England Platform. The faults generally dip steeply to the
northwest, but may flatten at depth.
Movement along the fault system
was apparently right-lateral with west over east during the pre-Mesozoic
and probably left-lateral and normal during the Mesozoic.
The lateral
movement apparently created pull-apart basins both within and along the
zone at different times (Fig. in Introduction).
The total pre-Mesozoic
movement may measure
in the
100s of kilometers.
The Mesozoic
left-lateral movement can be deduced from fault patterns (Ballard and
Uchupi, 1975), but appears relatively minor.
Earthquake studies do not
indicate any general movement along the system in the past 300 years.
It is probably cut locally by younger small northwest-trending faults.
The relations of Precambrian to Mesozoic rock at various places
along the fault system demonstrate a long history of repeated movement.
Caution must be used to avoid attributing the locally perceived type and
time of movement as the only movement along the system.
The strong
flow-foliation, mylonite and folds of the Late Precambrian granitic rock
along the fault indicate the main period of deformation was prior to the
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much lessor deformed Ordovician intrusive rock.
Furthermore, the
spatial relations of the syntectonic structures in the Late Precambrian
intrusive rock to the fault system shows movement along the system at
that time.
These rocks were deeply buried then and the movement
produced ductile features accompanied by intrusions. The Ordovician and
younger rock are effected by more brittle structures.
The Ordovician
intrusive rock is highly fractured locally along the fault system; far
more than the fault slivers of unmetamorphosed Late Silurian-Early
Devonian and Late Triassic-Early Jurassic volcanic and sedimentary rock
in the zone.
The purpose of the field trip is to show some of the variety of
types and ages of rock along the Bloody Bluff fault system and different
types and amounts of deformation that effect them that illustrate both
the antiquity of the fault system and some of its numerous reactivations
(Figs. 1, 2 and 3 and 4). The first part of this trip follows part of a
previous one by Shride (1976b) and those wishing to know more about the
Newbury volcanic complex should follow the rest of his trip.
Those
interested in features farther southwest along the Bloody Bluff can
follow an earlier guide to the area (Barosh, 1982).
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Fig. 4, Geologic map of the Webster-Oxford area MA, CT, and R. I.
showing relation of the Bloody Bluff and Lake Char fault zones
(Barosh, 1982).
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Road Log
MAPS -

7.5-minute quadrangle maps covered in this road log are the
Newburyport East, Newburyport West, Georgetown, Salem,
Reading and Concord.

MILEAGE
0

Rt. 1 (Newburyport Turnpike) and Boston Rd. (1.1 mi. north of
Rt. 1 and Parker River and 13.5 mi. north of Rt. 1 and Rt.
95). Travel east on Boston Rd.

0.3

Veer right at fork onto Hay St.

1.0

Turn around at railroad crossing and go west on Hay St.

1.1

Park just beyond outcrops along north side of road.
STOP 1,
Parker River fault.
This east-northeast-trending
fault zone along the Parker River marks the boundary between
the Newbury volcanic complex to the south and intrusive rock
in the Nashoba Thrust Belt to the north.
This breccia of
quartz monzonite marks the north border of the fault zone
(Shride, 1976b).
The rock shows the effects of the brittle
fracturing and has undergone some alteration resulting in
local silicification and iron coatings and staining.
Several
fault surfaces are exposed. They trend N65-90E and dip 60-90N
and have prominent slickensides that plunge 30NE and some
steeper plunging faint striations.
Continue west on Hay St.

2. 0

Turn left, south, onto Rt. 1 after stopping.

3.1

Cross Parker River.

3.2

Turn left, east, at south end of bridge into parking area just
to east and park.
CAUTION POISON IVY AND POISON- SUMAC
everywhere.
STOP 2,
Structural wedge of Newbury Volcanic complex along
the Bloody Bluff fault system. Note the lack of foliation and
metamorphis m in this Late Silurian or Early Devonian rock.
"Exposures of the lowest two members of the Newbury are in the
salt marshes to the N. The rhyolite tuff outcrop (member 1),
1,000 feet NW of the Parker River bridge, is well preserved
considering that it borders the Parker River fault zone.
Along the SE margin and on top of the island 500 feet NW of
the bridge, note the variety of textures and structures in the
fine-grained andesites (member 2).
From the parking site, members 3,4,5, and 6 can be crossed in
succession by walking 1,500 feet NE along the south bank of
the marsh and then wending a route southward across the more
prominent outcrops that will come into view.
In the basalt
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flows (member 3) note the uniform fine texture, lack of
detrital
materials,
and difficulty
of
recognizing
flow
boundaries--which are usually in the swales.
Outcrops of
members 4 and 5 are few and border the marshy meadow S of the
basalt ridge.
Flow-banding, which becomes wider spaced
upward, and intricate slump structures are readily seen in the
rhyolite vitrophyre (member 6); zones of spherulites and
lithic tuffs may be crossed.
After reaching the bluffs that
overlook the marshes of the Mill River, a traverse along the S
margins of the islands that extend E to the junction of the
Parker and Mill Rivers provides good views of the flows that
dominate the basal 600 feet of the porphyritic andesite member
(member 7). Volcaniclastic strata will be dominant higher in
the member. On the W end of the island, 500 feet SW of the
river junction, two conglomerate beds contain water-worn
rhyolite pebbles derived from member 6, providing one item of
the evidence for an overturned section. This conglomerate can
be traced NE to Little River." (Shride, 1976b).
Return to highway and turn left, south, onto Rt. 1.
3.4

Low roadcuts on both sides of road are of the vitric rhyolite
lapilli tuff member of the Newbury volcanic complex, in which
many pumice fragments are tabular, as though flattened, but
shards of the matrix are only slightly compacted (Shride,
1976b).

3.6

Outcrop at entrance of Old Newbury Golf Club on left is the
dense basalt (?) that intervenes between the vitric rhyolite
lapilli tuff and flow-banded rhyolite vitrophyre members
(Shride, 1976b)

3.7

Park on right opposite prominent road cut.
STOP 3, Newbury volcanic complex.
Transitional zone at the
top of the tuff that here locally constitutes the basal 400
feet of the flow-banded rhyolite vitrophyre member (member 6)
(Shride, 1976b).
Few near vertical fault surfaces roughly
parallel the road; some with 30N-plunging slickensides.
Note
laminated
tuff at south end of
west
roadcut;
similar
Precambrian volcanic rock is present at STOP 10.
Continue south on Rt. 1.

4.8

Cross Central St. (east side) and Glen St. (west side), park
just beyond intersection and walk to large roadcuts on Central
St.
0

STOP 4, Newbury volcanic complex. "Intercalated flows and
water-laid ash-fall(?) tuffs of the porphyritic andesite
(member 7).
The first reported fossils ("marine types"
comprising "one or more species of brachiopods, a species of
gastropod, fragments of crinoids, and probably a pelecypod"—
see Emerson, 1917, p. 163) from the
Newbury were collected
here, apparently at the road intersection in rocks now deeply
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buried.
Similar thin fossil zones exist in the vicinity, and
additional collections were made in the 1960's ; the sites may
not be accessible now.
Note zones of alteration and the
differences between flows and tuffs." (Shride 1976b).
Very dark gray to greenish gray nonfoliated fine-grain,
porphyritic and amygdaloidal rock present.
Several small
faults of various trends and bearing vertical to horizontal
slickensides are exposed.
One prominent near vertical fault
trends N70E and has 30N plunging slickensides.
Continue south on Rt. 1.
7.1

Cross Rt. 133 at signal.
Large boulders of the underlying red mudstone member of
Newbury volcanic complex on south side of Rt. 133 50 m east of
intersection.
The rock is Maroon mudstone to siltstone with
rare to common pale yellow green spheres to irregular lenses,
that appear to be slightly more siliceous concretions, fossil
and burrow fillings.

7.9

Cross Ipswich town border.

8.4

Turn left into parking lot at Omni Electrical Supply, park and
walk 70 m to low bluff behind two-storied house.
STOP 5, Newbury volcanic complex.
This"is the only known
outcrop of the member.
Elsewhere, the red micaceous mudstone
seen here occurs as concentrations of shaly of flaggy detritus
in the soil or of friable erratics distributed to suggest that
the member may be several hundred feet thick.
Chips of the
yellowish-brown, medium- to coarse-grained sandstone, found
here as lenses, can be seen in soils elsewhere; but the
andesitic(?) pebbles, cobbles, and flow rock seen toward the
north end of this outcrop have not been recognized elsewhere."
(Shride, 1976b). Most of the outcrop is gray to purplish gray
arkose, that is laminated in part, and maroon mudstone and
siltstone, that strikes N3SE and is overturned to dip 65NW.
Many very delicate small-scale sedimentary structures are
preserved.
The southeast border fault lies a short distance
to the southeast (Shride, 1976b).
Turn left, south, back onto Rt. 1.

11.1

Cross Ipswich Rd. at signal

12.2

Cross Rt. 97.

15.1

Cross Rt. 95.

15.3

Turn left, south, onto Rt. 95 south.

17.1

Turn right onto exit for Centre St
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17.3

Turn right, west, onto Centre St. and park near Rt. 1
overpass. Roadcuts both sides.
STOP 6, Salem Gabbro-Diorite (?).This dark gray
rock is
characteristically variable in both texture and composition.
It is very similar to the Salem Gabbro-Diorite southeast of
the fault system, although it was mapped as the Marlboro (?)
formation by Toulmin (1964).
Generally nonfoliated although
some flow-banding (N65-75E, 70NW) is present on the north side
of the road near the overpass for Rt. 1. Few small faults and
numerousfractures present.
The widely
distributed rock is
only found southeast of the Bloody Blufffault system and its
mafic nature produces relatively high magnetic response.
The
termination of magnetic highs over this unit is responsible
for
the Bloody Bluff being so well
displayed on
the
aeromagnetic maps.
Continue under overpass.

17.4

Turn right, north,
0

17.5

Turn right, east,

17.6

Turn right, south, onto Rt. 1.

19.1

Turn right, west, onto exit for Lowell St., Peabody

19.3

Turn left, west, onto Lowell St.

19.6

Veer right at fork.

20.0

Veer right onto Russell St. at fork just beyond Crystal Lake.

20.7

Turn right, north into entrance for Essex Bituminous Concrete
Corporation, stop at office for permission to enter and
proceed to quarry beyond processing equipment.
Break in road
log.
STOP 7, Mystic Fault and Late Triassic-Early Jurassic rock of
the Middleton Basin.
The quarry exposes highly faulted,
sheared and altered, generally finer-grained varieties of
probable
Salem Gabbro-Diorite. The faults generally trend
northeasterly and are near vertical, but trends of all
directions are present.
The faults are brittle and the
surfaces are siickensided.
This is the Mystic fault zone of
Bell and Alvord (1976), a part of the
Bloody Bluff fault
system.
A few large faults apparently come together in this
area and this probably accounts for theunusual fracturing
here.
A fault wedge of reddish gray pebble to cobble conglomerate
and arkose and maroon siltstone to mudstone is exposed at the
northwest edge of the quarry. This rock has not undergone the
alteration and deformation of the rock in the quarry and is
separated from it by a fault trending N43E, and dipping 65NW.
The rock is similar to that at STOP 5,
but recently plant
fossils of the Newark Group were found and the block of rock
has been named the Middleton basin (Kaye, 1983).
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Return to entrance on Russell St. and resume road log.
left, east, and retrace route towards Rt. 1.
22.2

Pass under Rt. 1 on Lowell St.

22.3

Pass under Rt. 95.

22.4

Turn left, north, on Bourbon St.

22.6

Park on right before entrance to Ledgewood Condomi

Turn

STOP 8,
Salem Gabbro-Diorite.
Glacial-polished pavement to
the northeast and old quarry walls around the tennis court
show a highly variable Salem Gabbro-Diorite and some possible
dikes of Cape Ann Granite.
The rock is much less deformed
than at the last spot, but displays a very interesting
fracture pattern of closely intersecting small faults of
various trends and , at least, slightly differing ages.
Turn around and return to Lowell St.
22.9

Turn right, west, onto Lowell St.

23.2

Turn left, south, into entrance ramp for Rt. 1 south

23.4

Turn right, south, onto Rt. 1

24.9

Turn right into connecting road for Rts. 95 and 128.

25.3

Veer right into entrance for Rt. 95 south.

25.8

Enter Rt. 95 (128) south at Lynnfield town line

33.2

Pass under Rt. 93.

38.9

Pass under Rt. 3 north.

42.3

Turn right at exit 45B for Concord and Hanscom A.F.B.

42.5

Turn right, west, onto Rt. 2A. Outcrops just to west and to
south along entrance ramp to 128 south are nonfoliated
Ordovician Salem Gabbro-Diorite with pendants, Xenoliths and
xenocrysts of sheared to mylonitized
Precambrian
Dedham
Granodiorite.

42.8

Cross intersection with signals.

42.9

Right turn into parking lot for Minuteman National Park and
park.
STOP 9,
Bloody Bluff fault zone.
Bloody Bluff, that lies
across the road to the west, beneath the power lines, exposes
shattered Dedham Granodiorite that has undergone limonitic and
chloritic alteration.
Many fault surfaces are exposed, but
highly sheared or mylonitized rock is uncommon here.
The
fault zone is at least 0.5 mile wide here.
The bluff is a
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block bounded by a fault along the northwest side (which marks
the contact between the Dedham and the Andover Granite to the
west) and another fault along its southeast side.
The latter
fault passes through the southeast corner of the electric
substation seen to the south.
East of this fault, the Dedham
is sheared to mylonitized and is crosscut by gabbro that
postdates the shearing.
The gabbro is well exposed along the
powerline just south of the substation.
Return to parking lot
and walk east on footpath 50 m beyond footbridge, turn right
into woods and go about 80 m, paralleling Rt. 2A, to roadcuts
along a side road.
Highly sheared Dedham crosscut by gabbro,
part of Salem Gabbro-Diorite, which although not foliated is
cut by later faults.
Turn right, west, from parking lot and continue along Rt. 2A.
7

Pass monument commemorating site of Paul Revere's capture on
right.

3

Veer left at fork in road.

9

Continue straight upon joining Rt. 2 at signal.

0

Turn left, south, onto Rt. 126.

4

Pass Walden Pond on right.

0

Pass Codman Rd. on left.

4

Turn left, east, on Rt. 117 at signal.

9

Cross Lincoln Rd.

4

Behind red barn 100m to right and along ridge on right to
railroad are scattered outcrops of nonfoliated medium=grained
Ordovician (?) granodiorite, that only occurs northwest of the
Bloody Bluff fault.

7

Cross railroad.

8

Cross swale in topography marking center of Bloody Bluff
fault.

9

Turn right into Bowles Terrace and park. Walk back across Rt.
117 to outcrop and continue along 117 across Tower Rd. (0.1
mi.) and outcrops for 0.1 mi. farther.
STOP 10, Bloody Bluff fault zone.
Very detailed studies here
have revealed much about the fault history. Southeast side of
fault
is a complex of foliated and
locally mylonitic
Precambrian Dedham Granodiorite and older rhyolitic and mafic
tuff extensively intruded by Salem Gabbro-Diorite and possibly
younger mafic dikes.
The tuffs exposed in the roadcuts are
felsic, similar to those at STOP 3, more mafic ones crop out
in the woods.
These are commonly mistaken for mylonite.
The
outcrops across from Bowles Terrace are mainly Dedham cut by
Salem.
Those beyond Tower Rd. are largely laminated tuff cut
by Salem.
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Foliation in the Dedham and volcanic rock describe a ductile
drag fold that formed and probably rotated slightly prior to
the intrusion of the nonfoliated Salem and the more brittle
deformation after the Salem.
The main deformation along the
fault is pre-Salem and probably Late Precambrian in age.
End of field guide.
Return to Rt. 2 for points to north or northwest.
Continue
southeast along Rt. 117 for junction with Rt. 95 (128) at Rt.
20 for points south and west (via Rt. 90 - the Mass. Pike.)
OPTIONAL STOP
For those traveling west or southwest, an
excellent example of ductile shearing and drag folding within
fault slices along faults associated with the Bloody Bluff
fault and the high-grade metamorphic rock east of it can be
seen to the southwest at Oxford, MA.
Take Rt. 90 (Mass Pike)
west to the Auburn exit, thence south on Rt. 52.
Stop
opposite a high roadcut on the left, east, side of the roadway
4.3 mi. after passing under Rt. 20 and 2.4 mi. after passing
the Oxford town line (see Barosh, 1982).
STOP 11, Thrust-fault complex cutting the Nashoba formation.
The Bloody Bluff fault zone crosses beneath the highway at the
pond just south of Sutton Ave. overpass 2.0 mi. south of here.
The thrusting here is related to movement on the Bloody Bluff
and show earlier and deeper structural features than generally
seen to the north.
The offsets
and
drag
folds
here
demonstrate north over south movement here in the Nashoba
formation, a unit that only occurs to the northwest of the
Bloody Bluff and is of Pre-Ordovician and probably Precambrian
age. Note the pegmatite along the earlier structures here.
I

Complex of moderately north-dipping shears, thrust faults, and
overturned
folds
with
north-dipping
axial
planes.
Consistently north over south transport, which is a local
deviation
from
the
regional
northwest
over
southeast
transport.
The foliation and mylonitization parallels relict
bedding.
The observed layering is thus a result of a
combination of causes.
Many of the thrust faults have
pegmatite, both foliated and nonfoliated, along them.
Field
evidence
suggests
that many
of
these
developed
during
thrusting; porphyroblasts of feldspar and quartz form in
blastomylonites, increase in amount and coalesce, forming
pegmatites.
The geochemistry of this type of mineral growth
was
studies
by
Wintsch
(1975).
In
this
area,
the
Marlboro-Nashoba
sequence
has undergone
radical
tectonic
thinning
by omission
along
both
the
Bloody
Bluff and
Clinton-Newbury fault zones and a series of internal faults.
The exposed thickness decreases from about 18,000 m northwest
of Boston (Bell and Alvord, 1976) to less than 1,000 m south
of Oxford center.

